and it is not possible to distinguish between MM and M-subjects or ZZ and Z-subjects by Pi typing. The vast majority of Pi M subjects will be homozygotes (Pi MM) (First International Workshop on the Pi system, 1975).
of maximum expiratory flow-volume curves breathing air and 80% helium-20% oxygen showed no differences between the Pi MZ and Pi M subjects. Although airway function was similar in the two groups, four of 12 Pi MZ subjects showed abnormalities of the pressurevolume curve of the lung (reduction in lung recoil pressure, abnormal shape factor, increase in functional residual capacity). Abnormalities of washout of a helium-sulphur hexafluoride gas mixture, of a type previously described as characteristic of emphysema, were found in two of the men with abnormal pressure-volume curves.
The results suggest that Pi MZ subjects have an increased susceptibility to alveolar abnormalities without increased abnormalities of airway function; this may explain the increased frequency of emphysema at necropsy despite many studies showing no predisposition to abnormal airway function in life. The functional changes we observed would be unlikely to cause symptoms. The risk of disablement from chronic lung disease appears to be only slightly enhanced by intermediate alpha,-antitrypsin deficiency.
The association between low serum alpha,-antitrypsin levels and pulmonary emphysema was first recognised by Laurell and Eriksson in 1963. Since then it has been established that several alpha,-antitrypsin variants exist in the population and that the inheritance of protease inhibitor (Pi) type is by a system of autosomal codominant alleles. Most of the population have Pi M* and normal serum alpha,-antitrypsin levels, while a small minority have Pi Z, very low serum levels of alpha,-antitrypsin, and high risk of developing severe panacinar emphysema in early adult life S F Tattersall, R Petrik Pereira, D Hunter, G Blundell, and N B Pride In many of the early reports serum alpha, antitrypsin levels or trypsin inhibitory capacity were used to identify heterozygotes, but these metnods cannot clearly distinguish Pi MZ subjects from those with other variants such as Pi types MS, SZ, and some with Pi type M (Talamo et al,, 1972; Webb et al, 1973) . Most, but not all studies have found that the incidence of Pi MZ in patients with chronic airflow obstruction is somewhat higher than that in the general population (Shigeoka et al, 1976; Camara and Martin, 1978) . Studies of Pi MZ subjects detected by studying relatives of those Pi Z subjects who present with disease have shown mild abnormalities in pulmonary function suggesting premature loss of elasticity of the lungs (Stevens et al, 1971; Ostrow and Cherniack, 1972; Cooper et al, 1974) . Not all Pi Z subjects develop disease, and emphysema still has a familial aggregation after allowing for Pi type (Cohen et al, 1975) 
Methods
The subjects were drawn from a sample of 492 working men in West London who had pulmonary function testing and alpha,-antitrypsin phenotyping performed (Tattersall et al, 1978) . Phenotyping was performed on a 10 ml sample of blood from each subject which was allowed to clot, and the serum was separated by centrifugation and frozen at -200C. Alphalantitrypsin phenotyping was undertaken by starch gel electrophoresis (Fagerhol, 1968) at pH 5-0 and antigen antibody crossed electrophoresis. An automated immunoprecipitin technique using a Technicon autoanalyser II was used to measure the alpha1-antitrypsin levels (Blundell et al, 1974/5 (Leith and Mead, 1974 (Godfrey et al, 1971) with the patient in the supine position. Twelve of the pairs of men were able to attend for further study, using tests thought to be particularly sensitive for the detection of emphysema or minor changes in airway function. Static expiratory pressure-volume (PV) curves were recorded with the subject sitting in a constant pressure plethysmograph using an oesophageal balloon to record lung recoil pressure (Milic-Emili et al, 1964) . Each curve was preceded by three slow vital capacity breaths to ensure a constant volume history. Balloon volume (0-5 ml) was checked several times during the procedure. Mean PV curves were constructed by drawing a line of best fit by eye through the points from at least three, and usually five to seven expirations. Generally, pressures at a given volume were in agreement to =t0.1 kPa. Static lung recoil pressure (Pst (1)) was plotted against per cent predicted TLC (Cotes, 1975) to allow for differences in height between different pairs of subjects. The results were expressed as expiratory compliance over the volume range from FRC to (FRC+500 ml) and as specific compliance (compliance/FRC). In addition an exponential function was fitted to the pressurevolume curve by an iterative least-squares technique using a computer and the shape factor, k, of the pressure-volume curve was obtained (Glaister et al, 1973; Gibson et al, 1979) . Maximum lung recoil pressure was taken as the greatest pressure that was sustained for two or three seconds at full inflation. In seven subjects it was measured 50-639 150 ml below TLC because oesophageal spasm occurred when full inflation was maintained. Maximum flow-static recoil pressure curves were constructed from the PV curve and the MEFV curves breathing air (Mead et al, 1967 (Dosman et al, 1975 in the heterozygotes than in the controls, these differences were hardly more pronounced in this subgroup than for the original 20 pairs, except for the ratio FRC/TLC, the mean value of which was 55-5% (SE 2-0) in the six Pi MZ subjects and 46-5% (SE 1-4) in the Pi M control subjects (p for paired t test <0-01).
The matching of the 12 pairs of subjects who returned for additional tests for age, height, and smoking habit was extremely close. Comparison of the standard pulmonary function tests listed in table 2 showed only minor differences, although mean TLC was 7-37 1 in the 12 Pi MZ subjects and only 6-86 1 in the 12 Pi M subjects. Some of Table 2 Results of pulmonary function testing in 20 heterozygotes and 20 controa subjects the additional tests, however, showed abnormalities in the Pi MZ subjects (table 3) . In four of the Pi MZ subjects the PV curves were displaced to lower values of pressure at a given volume (fig 3) . Detailed analysis of these curves showed that specific compliance near FRC and maximum lung recoil pressure at (or close to) TLC were not different between Pi MZ and Pi M subjects. Lung recoil pressures between 90% and 50% of the predicted TLC were significantly lower in Pi MZ subjects. One of the Pi MZ subjects showed much lower pressures than any of the other subjects, but significant differences (P<0-05) in these pressures persisted when this subject and his Pi M control were removed from the analysis. When lung recoil pressures were analysed at standard percentages of the actual TLC, pressures were consistently lower in the Pi MZ subjects at all volumes but the differences were not significant (P>0-10 for paired t test), indicating that the larger TLC in the Pi MZ subjects was in part responsible for the difference in PV curves. The shape factor for the PV curves (k) also tended to be higher in the Pi MZ subjects, although this was not significant at the 5% level (P=0-075 (Eriksson et al, 1975) . Early studies of obligatory heterozygotes of symptomatic Pi Z subjects showed abnormalities in lung recoil pressures and maximum flow rates (Stevens et al, 1971; Ostrow and Cherniack, 1972; Cooper et al, 1974 ), but such studies will be influenced by other co-existing factors. Recently, several epidemiological studies have been made in which control subjects have been from the same population ( group.bmj.com on May 1, 2017 -Published by http://thorax.bmj.com/ Downloaded from smoking men. Although epidemiological studies would appear to be the ideal method, loss of disabled subjects from the population sampled would bias them in the opposite direction to studies based on hospital clinics.
In our study we have tried to combine the advantages of the epidemiological approach with a detailed assessment of lung function with particular emphasis on lung distensibility and airway function. Our Pi MZ subjects were identified during a survey of pulmonary symptoms and function in working men in West London (Tattersall et al, 1978) ; in this survey the prevalence of Pi MZ subjects (4.1%) was similar to that found in previous studies in Britain (Cook, 1974; Blundell et al, 1974/5) , and there was no suggestion of loss of older Pi MZ subjects. Although our sample was small, it consisted only of men (who have a higher risk of developing chronic airflow obstruction and emphysema), was biased towards middle-aged smokers, and each Pi MZ man was individually matched for age, height, and smoking habit with a Pi M subject identified in the survey. Our results agree with all previous studies in adults in showing no tendency to greater abnormalities in FEV1 in Pi MZ subjects (table 4) . Function of peripheral airways, as indicated by V max25 breathing air, comparison of maximum flow breathing air and helium-oxygen, closing volume, and residual volume, was similar in Pi MZ and Pi M subjects. Nevertheless, several Pi MZ subjects showed abnormalities in the PV curve (reduction in lung recoil pressure at 90-50% of predicted TLC, an increase in shape factor (k), rise in FRC). All these changes occur in patients diagnosed as having emphysema (Finucane and Colebatch, 1969; Gibson et al, 1979) . The changes were subtle and did not affect all Pi MZ subjects or lead to significant differences in all measurements from the PV curve. In part they were due to a slightly larger TLC in the Pi MZ subjects, although the shape factor (k) was also abnormal in several subjects. Reduction in lung recoil pressure in some Pi MZ subjects has been described previously by Stevens et al (1971) , Ostrow and Cherniack (1972) , and Cooper et al (1974) , and in a well-controlled study of 50-yearold smoking men by Larsson et al (1977) . A recent study (McDonagh et al, 1979) , however, failed to confirm this abnormality in a group of 24 Pi MZ subjects of a wide age range, both sexes, and varying smoking history.
We sought other functional evidence of emphysema in the Pi MZ subjects, particularly those with abnormal PV curves. A reduced co transfer 643 appears to be a sensitive indicator of moderate emphysema that was not suspected clinically (Gelb et al, 1973) . However, values of co transfer were similar in our 20 Pi M and 20 Pi MZ subjects (as in all previous studies, table 4) and co transfer was not consistently reduced in the four Pi MZ subjects with abnormal PV curves. A slight reduction in co transfer occurs in male smokers aged 20-30 years (Tattersall et al, 1978) and has been reported to be more pronounced at this age in women smokers (Enjeti et al, 1978) . These findings imply that processes other than emphysema must contribute to early reduction in co tranfer because emphysema is rare at such an early age (except in Pi Z subjects), and is at all ages less common in women than men (Anderson et al, 1972) . In contrast to these negative results two middle-aged Pi MZ subjects showed an abnormality in the He-SF6 washout curves-a delayed cross-over point and large cross-over volume-which has been claimed to be a feature of "chronic obstructive emphysema" but not of individuals with disease confined to the airways (von Nieding et al, 1977) . Both these men also had abnormal PV curves. Von Nieding and colleagues interpret a large cross-over volume as indicating an impaired diffusive mixing of gas in the periphery of the lung. They reason that during the washout procedure the lighter gas (He) will be washed out faster as it will be more effectively mixed with the inspired air. At the beginning of the washout it will therefore appear in relatively higher concentrations in the expirate than the denser gas (SF6). As the washout proceeds He will be washed out more rapidly and its relative concentration in the expirate will fall more rapidly than that of SF6 so that the curves for the two gases will cross. If there is enlargement of peripheral air spaces, as in emphysema, peripheral gas mixing will be impaired, and this will delay washout of the denser gas more than that of the lighter gas and increase cross-over volume. In addition to this differential behaviour of the two gases, the washout of both gases will be delayed by airway disease. Abnormalities of airway function were mild and of similar severity in our Pi M and Pi MZ subjects and the volume (CEV 1%/FRC) required to washout SF6 to 1% of the equilibrated wash-in concentration was similar in the two groups, confirming the similarities in other tests of airway function. While the large cross-over volumes in two of our patients are of interest, theoretical analysis of the washout of helium and SF6 in normal lungs is complex (Kawashiro et al, 1976) , and in practice it is sometimes difficult to Because of the relation between lung recoil pressure and maximum expiratory flow (Mead et al, 1967) , a reduction in lung recoil pressure would be expected to reduce maximum expiratory flow. In the four Pi MZ subjects with abnormal PV curves, however, maximum expiratory flow rates were maintained so that flow was large at a given lung recoil pressure and upstream conductance (Mead et al, 1967) was increased (fig 4) ; similar preservation of maximum flow despite loss of lung recoil has been reported by Demedts et al (1978) . Maximum flow might be maintained if loss of lung recoil pressure was offset by a peripheral movement of equal pressure points and shortening of the airway segments contributing to upstream con- Pst(I) (cm H20) ..0 (Dosman et al, 1975) , but this was hardly evident in the subjects with abnormal PV curves. Alternatively, the loss of lung recoil pressure might be offset by changes in airway distensibility so allowing airways to be larger at a standard lung recoil pressure. Such a change has been thought to be the cause of the increase of upstream conductance with aging (Mead et al, 1967) . 
